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RTCC REQUIREMF,NTS FOR MISSION G:  LANDING SITE 
DETERMINATION USING ONBOARD OBSERVATIONS 
By Paul F. Planagan and George A. Austin 
SUMMARY AID IRTRODUCTION 
During the  lunar  landing mission, t h e  ground Real-Time Computer 
Complex (RTCC)  w i l l  l oca t e  the  landing s i te  r e l a t i v e  t o  the  command 
module (CM) o r b i t  through the  use of telemetered CM op t i ca l  s ight ings.  
Also, the  lunar  module (LM) pos i t ion  a f t e r  landing w i l l  be found by 
using telemetered LM rendezvous radar  ( R R )  t racking of t he  orb i t ing  CM. 
This note presents  t he  formulation (basic  requirements) f o r  t he  
RTCC programs. This processor is separate  from the  Manned Space F l ight  
Network (MSFN) da ta  processor used f o r  o r b i t  determination. 
Two programs are described, a preprocessor which co l l ec t s  and pre- 
pares the  telemetered da ta  and t h e  landing s i te  determination program. 
The descr ipt ion of t he  la t ter  includes a discussion of the  batch in i -  
t i a l i z a t i o n ,  d i f f e r e n t i a l  correct ion,  and convergence processor modules. 
The same predictor  module used fo r  t he  MSFN o r b i t  determination 
processor ( r e f .  1) w i l l  be used t o  determine the  CM ephemeris over the  
landing s i t e .  
The computation of LM pos i t ion  requires  t h e  use  of t he  l i b r a t i o n  
matrix whicl-. r e l a t e s  t he  mean of t h e  nearest  Besselian year (MNBY) system 
t o  the  . enographic coordinate system. The following formulation super- 
sedes corresponding formulation of reference 1. 
GENERAL PROCEDURE FOR PROCESSING OF ONBOARD OBSERVATIONS 
Onboard da ta  processing i s  a manual procedure. The batch t o  be 
processed, as well  as the  CM ephemeris start vector ,  a r e  manually se- 
lec ted .  
The predictor  i s  used t o  f ind  the  CM pos i t ion  and ve loc i ty  a t  the  
time of t he  f i r s t  observation. 
t he  time span of t h e  batch of data .  
Then a CM ephemeris i s  genere.;ed &crass 
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The estimate of t h e  landing s i t e  o r  lunar  module pos i t ion  i s  up- 
dated with the  assumption t h a t  t h e  CM pos i t ion  is wel l  known. A 3 X 3 
covariance matrix for LM pos i t ion  i s  se lec ted  and used i n  t h e  process. 
A sequent ia l  batch solut ion may be obtained by se lec t ing  t h e  LM 
start vector ,  Rm, and covariance matrix, B y  from a previous batch 
solution. 
The basic  equation solved i s  
where 
RG 
ARG 
ay 
aRG 
A = -  
W 
B 
0 
AY 
landmark or LM pos i t ion  expressed i n  (p , 
X and r (selenographic) 
correct ion t o  t h e  landmark or  lunar  module 
pos i t ion  
t h e  state 
p a r t i a l s  of the  observations w i t h  respec t  t o  
observation weight matrix 
covariance matrix i n  (rad)2 and ( e . ~ ? . ) ~  for
landmark o r  lunar  module pos i t ion  
observation res idua l .  
PREPROCESSOR 
A preprocessor i s  required t o  handle the  telemetered data s ince 
t h i s  data  w i l l  not be handled by the  pre-O.D. progran used f o r  ground 
tracking. This rout ine mul t ip l ies  t h e  incoming telemetered LM ren- 
dezvous radar data and CM sextant  or telescope data  by the  cor rec t  
g ranular i ty  constants and s to re s  the  da ta  in to  batches su i t ab le  fo r  
subsequent use by the convergence processor. The appropriate granular i ty  
constants a r e  obtained from a t a b l e  d i f f e r e n t  from the  s t a t i o n  charac- 
t e r i s t i c s  t a b l e  used for ground-based t rackers .  
This preprocessor w i l l  be able  t o  s t o r e  f i v e  batches of RR da%a. 
As curren t ly  planned, the raw observation r a t e  i s  a t  Least one every 
6 seconds, and the  batch size will be l a rge  enough t o  accommodate all 
the  da ta  accumulated i n  a complete pass of t h e  CM over the  landing s i t e .  
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The preprocessor w i l l  s t o r e  i n  eacl- frame sha f t ,  trunnion, gimbal angles,  
range, and Doppler observations, as shown i n  t h e  format example f o r  
storage data batches. 
The Doppler data obtained from telemetry w i l l  be i n  the  form of a 
binary data word, SRR, which i s  t h e  count i n  t h e  R R .  This count w i l l  be 
divided ~ J Y  the counting i n t e r v a l  t o  yield u frequency co;npriscci of  the 
ijoppler frequency and a bias frequency. 
The range data i s  obtained a g  a binary word, RRR, which is  multi- 
p l ied  i n  the preprocessor by the  b i t  weight, J , t o  obtain t h e  range 
from the  LM t o  the  CM i n  ea r th  r a d i i .  
R 
The t i m e  associated with the  Doppler observable i s  t h e  tfme as- 
sociated w i t h  t he  observation on t h e  telemetered downlink. 
I n  addi t ion,  f i v e  batches of sextant  or telescope observations 
having a maximum of 5 observations per batch mey be accumulated. Sex- 
t a n t  and telescope observations m y  be included i n  a s ingle  batch. 
preprocessor w i l l  s to re  sha f t ,  trunnion, and gimbal angles i:i each ob- 
servation frame ( see  s torage data batch format on following page). 
The 
The cont ro l le r  may t a g  any of t h e  observations inval id  over any 
in t e rva l  of t i m e .  This i s  done by N N e d i t  MED for t he  specif ied 
observation type. 
and decl inat ion w i l l  be tagged inval id  i n  t h e  working batch. 
1 2  
If angular data  are tagged inva l id ,  both hour angle 
IANDING SITE DETERMINATION PROCESSOR 
The landing s i t e  processor constructs  observed values f o r  hour 
angle and decl inat ion from the  o r ig ina l  telemetered sha f t ,  trunnion, 
and gimbal angle data set up by the  preprocessor. I n  processing the  
data, the  convergence processor computes estimated values f o r  these  
elements based on t h e  estimated values for t he  LS or LM pos i t ion  and 
the  CM ephemeris. 
Formulation of Pseudo Observations 
The raw angular da ta  w i l l  be converted t o  a u n i t  vector which w i l l  
The angles w i l l  be scaled from Oo t o  360O f o r  hour angle ,  from 
be ro ta ted  by REFSMMAT and converted t o  pseudo hour angle and declina- 
t ion .  
0' t o  90' and 270' t o  360' f o r  decl inat ion.  
convert t h e  raw observations t o  pseudo hour angle and decl inat ion along 
the  CSM l i n e  of s igh t  from t h e  LM i s  given below. 
The formulation used t o  
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( 1  
ObS 
Frame 
3 
Batch ID I3 IDa optics ID 
0 0 NO ObS. Frames - 
Time 
Offset Obs. Flag 
Obs. 
Frame 
I 
Sht .t 
Inner Gimbal 
Outer Gimbal 
Batch ID 
Trunnion 
Middle Gimbal 
NO 
Obs. F’ramee 
Storage Data gatch Format 
(a) Radar 
Doppler 
ObS. Flag Obs. Flag 
-I Time Range 
Shaft 
Inner Gimbal 
Outer Gimbal 
I 
Middle Gimbal 
Doppler 
a!l?wo,dlgit code tagged by astronaut from landmark-J.and.slte tab le  
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The LM rendezvous radar  r o t a t e s  about two axes, t h e  sha f t  axis and 
t h e  trunnion ax is .  
antenna can r o t a t e  ab0u.t e i ther  o r  both simultaneously t o  maintain a 
l i n e  of s igh t  t o  the CSM. 
When t h e  radar i s  locked on the  CSM transponder, t h e  
x = s i n  sh cos t r  bL 
‘bL ybL = -s in  t r  
z = cos sh cos tr bL 
Radar 
where sh i s  the  shaft angle and tr is  the trunnion angle. 
The sextant  or te lescope s h a f t  and trunnion angles are  a l s o  con- 
ver ted t o  a u n i t  vector ,  U ,  along t h e  CSM l i n e  of s igh t  from t he  land- 
mark or LM pos i t ion  on t h e  moon i n  l o c a l  op t i ca l  (opC) system. 
zOpC t 
yoPC 
X = -cos sh s i n  tr 
= -s in  sh s i n  t r  
OPC 
yopc 
Z = -cos t r  
OPC 
‘he l o c a l  o p t i c a l  system i s  offset  from t h e  navigation base system 
by a negative ro t a t ion ,  § = 32°31t23.19”, about t h e  Y axis. 
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To transfvrm a u n i t  vector i n  t h e  l o c a l  navigaticn base coordinate 
system t o  t h e  platform (stable member) coordi!iate system, t h e  following 
transformation i s  used. 
cos a 0 s i n  a cos B -sin B 
c:s][:B 11 ;:: -::][] b 
where a, 6,  and y a r e  t h e  inner ,  middle, and outer  gimbal angles ,  res- 
pec’cively, of either the  CSM or LM i n e r t i a l  measuring un i t s .  The sub- 
s c r i p t s  b and p r e f e r  t o  t h e  navigation base and platform coordinate 
s y s t e m ,  respect ively,  of t h e  CM or t h e  LJ4. 
A REFSMMAT matrix is  used t o  t r ans fe r  from MNBY t o  platform co- 
The transformation from the  platform t o  t h e  MNBY seleno- ordinates.  
cen t r i c  system is t h e  transpose of REFSMMAT: 
T = (REFSMMAT) u 
‘MNBY P 
Once the  u n i t  vector is  available i n  t h e  MNBY system w i t h  an o r ig in  
a t  t h e  LM or landmark pos i t ion ,  hour angle and decl inat ion are computed 
as follows. 
where p = 1 since  x, y, and z a r e  components of a u n i t  vector .  
I n i t i a l i z a t i o n  
I n  s e t t i n g  up onboard data for processing, t h e  operator spec i f ies  
the  following. 
1. Batch I.D. t o  be processed, 
2, CSM vector used t o  generate ephemeris: 
( a )  I . D .  of previously determined CSM vector (DC ephemeris) 
( b )  Current CSM anchor vector .  
7 -. 
Batch ID Is ID’ 
Working Data Batch Format 
opt ics  la, 
Obs . 
Fsa me 
1 
Obs . 
F’rarne 
2 
0 
No. 
Obs. frames 
O b s o  , 
F’ram 
1 
I 
0 
L , .  
Obs (I 
Erame 
2 
- 
HA 
(a) Radar 
DEC 
I ISID Batch ID 
J Time 
Radar ID I 
Range c 
HA 
-~ 
DEC 
~ ~~ 
Doppler 
Time 
Offset Obs. Flag 
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Landmark I D  
3. I n i t i a l  landmark or IM  posi t ion:  
( - )  Computed estimate from previous batch. 
(b)  Table en t ry  referenced by data f l a g .  
( c )  PISGS vector .  
(a )  AGS vector.  
( e )  Un'. 
( f )  MET, d i rect- input  vector.  
I n i t i a l  covariance ( 3  x3 )  associated with landmark: 
(a )  B-l = I) ( so t  f l a g  f o r  onboard convergence processor).  
(b )  Manually entered value. 
( c )  T.D, of previously determined covariance matrix, B. 
( d )  Hard-coded nominal. 
m landmark s tar t  rout ine.  
4. 
? 
A0 AX AR 0 A R Landsite I D  
i 
5. REFSMMAT 
6 .  OFFSET - Specifies use of o f f s e t  l a n d s i t e  rout ine.  
S t a t e  Vcctor 
The landmark pos i t ion  may be manually entered as a l a t i t u d e ,  
longitude, and radius  i n  degrees and n. m i . ,  respect ively.  These w i l l  
be converted t o  intern:t l  u n i t s  of radians and ea r th  raciii. Any pre- 
viously solved-for val-ie may be chosen. Also a s tored value f o r  t h e  
nominal landing s i te  may be used from ap. in t e rna l  table of Landmarks 
and o f f s e t  l ands i t e s  (illustrated below). 
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- ;ate Weights 
The covariance matrix associated w i t h  t h e  lunar  module pos i t ion  
or landmark may be eliminated by s e t t i n g  (B-l = 0) ,  r e su l t i ng  i n  a 
single-batch solution;. Also any covariance n a t r i c e s  l e f t  after previous 
batclies have been processed may be manually se lec ted  along with t h e  cor- 
responding posi t ion vector ,  i n  processing a current  batch of data, which 
r e s u l t s  i n  a sequent ia l  batch solut ion.  
A covariance matrix for landmark or lunar module pos i t ion  may be 
entered manually. 
l a t i t u d i n a l ,  and longi tudinal  standard deviations i n  yards. The pro- 
gram w i l l  construct the corresponding deviat ion i n  4 and X i n  radians as 
'Phis is  done by in se r t ing  selenographic radial, 
A hard-coded noluinal covariance matrix associated w i t h  t h e  nominal 
l ands i t e  may be specif ied by t h e  cont ro l le r .  
Observation Weights 
A d i f f e ren t  weight i s  given t o  each ty-pe of observation. For range 
and range r a t e ,  t h e  weight i s  expressed as a funct ion of t h e  variance. 
The variance (ref. 2) is a funct ion of t h e  computed observation. A 
d i f f e ren t  weight is  used for each type of angular observation, radar 
o r  opt ics .  
s ince they are functions of both angular observables, shaft and trunnion 
Expressions f o r  computing weights a r e  given below. 
Hour angle and decl inat ion have t h e  same r e l a t i v e  weights 
Radar 
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IC a four-element manual entry,  allows t h e  operator t o  adjust  t h e  
observations r e l a t i v e  t o  each other.  This i s  required t o  process radar  
observed from t h e  lunar surface s ince  t h e  qua l i t y  of t h e  angles i n  t h i s  
phase i s  undetermined. 
C L ,  
A l l  t h e  elements i n  t h e  Ka t a b l e  are i n i t i a l l y  un i ty  but may be 
changed in real time by t h e  Ka MED. 
The variances on each observation are functions of t h e  noise and 
b ias  on t h e  observation instrument and w i l l  be determined and loaded 
pr ior  t o  t h e  mission. 
Observation Computations 
Rendezvous radar observations - The following equations are used 
t o  compute values t o  compare w i t h  RR observations. T h i s  requires  t h e  
a v a i l a b i l i t y  of t h e  ephemeris of t h e  CM i n  MNBY coordinztes. The nominal 
selenGgraphic coordinates may be used, or t h e  telemetered touchdown posi- 
t i o n  vector from e i the r  t h e  primary o r  the abort  guidance-navigation 
systems may be converted from i n e r t i a l  coordinates t o  selenographic co- 
ordinates by interpolat ing t h e  l i b r a t i o n  matrix, L,from t h e  stored JPL 
ephemeris tape elements. 
using t h e  l i b r a t i o n  matrix evalaated at  t h e  time of each observation. 
Then t h e  i n e r t i a l  pos i t ion  of t h e  LM i s  computed 
The RR angles are processed as pseudo hour angle (HA) and declina- 
These are formed from sha f t  and trunnion angles,  gimbal t i o n  ( D ) .  
angles, and REFSMMAT. 
Declination is  measured from a plane through t h e  LM, p a r a l l e l  t o  t h e  
e a r t h ' s  equator ia l  plane t o  t h e  l i n e  of s igh t  of t h e  vehicle .  It var ies  
from 0' t o  90' when measured t o  a l i n e  p a r a l l e l  t o  t h e  earth's spin ax i s  
and toward. t h e  North, and from 360' -to 270' when measured toward t h e  South. 
Hour angle is  measured from t h e  LM,meridian i n  a plane p a r a l l e l  t o  
t h e  ear th ' s  equator ia l  plane t o  the projected l i n e  of s igh t  of the  vehicle .  
It var ies  counterclockwise from 0' t o  360' when viewed from the  North pole. 
<4 
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MOON'S SP 
MOON'S 
I A  
n 
Optics observations - The equations used t o  process op t i c s  da ta  
taken from the  CM are t h e  same as f o r  t h e  RR angles taken from the  LM. 
The reason for t h i s  i s  t h a t  pseudo hour angle and decl inat ion are con- 
s t ruc ted  from shaf t  ard trunnion angles,  gimbal angles,  and t h e  
REFSMMAT associated w i t h  t h e  CM sextant s ight ings.  The u n i t  vector 
frQm the  CM t o  t h e  LM i n  t h e  MNBY system whose o r ig in  i s  a t  the  CM 
i s  i n  t h e  opposite d i r ec t ion  t o  tha t  f o r  t h e  LM. The sextant  or t e l e -  
scope pseudo hour angle and decl inat ion a r e  made t o  Look j u s t  l i k e  the  
LM RR hour angle and decl inat ion.  
s igh t  on the  intended landing s i t e  posi t ion before t h e  LM has landed. 
For t h i s  case, the  intended landing s i t e  pos i t ion  is used instead of t he  
the '  ac tua l .  
However, it is necessary t h a t  t he  CM 
Equations f o r  Processing Onboard Observations 
The selenographic l a t i t u d e ,  longitude, and radius  of t h e  landing 
s i te  define t h e  selenographic Cartesian coordinates as follows. 
r cos $I cos A 
\ 
The Cartesian scienographic position (R ) is transformed to the L 
MNBY system by utilizing the libration matrix (L) , which is available 
in the planetary ephemeris. 
The computed observations are  formed from the MNBY state vectors. 
RCL is the MNBY vector from the LM to the CM, that is 
P = RCL = RC - RL 
D = sin -fF) 
m = tan -1 CcL) 
The time associated with range and angles is t + KT, where KT ob 
is a constant time interval between these observations and tob. 
For cp t ica  angles, ICF E 0. 
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I 
i s  t h e  time tag  associated with the  incoming data  and is  the  time 
associated with t h e  midpoint of t h e  Doppler i n t e rva l .  
KER i s  a conversion f ac to r  for converting e a r t h  r a d i i  t o  counts 
T i s  t h e  count i n t e rva l  i n  seconds RR 
is  t h e  Doppler b ias  i n  cycles per second 
F~~ 
i s  t h e  LM-CM range a t  t h e  end of t h e  count i n t e rva l  te ( i n f i n i t e  
speed of l i g h t )  
'e 
b is  the LM-CM range at the beginning of t h e  count i n t e rva l  t Ob 
P a r t i a l s  for  Onboard Data Processing 
To.sclve fo r  l a t i t u d e ,  Longitude, and rad ius  of t h e  landing s i te  
d i r ec t ly ,  t he  p a r t i a l s  of t he  observation, y, with respect  t o  the  
selenographic s t a t e  a r e  required. 
a +  aX ar 
The following a r e  t h e  p a r t i a l s  of t he  observations w i t h  respect 
t o  t h e  MNBY state. 
CL -Z a D  
xcL' ycL,  
- =  
aRL p q -  ( z% p2) 
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am 1 - =  
zL - zc XL - xc YL - Yc 
P ,  P ' P  
- = -  aDF 2 K E R ( F  - - -  2) 
R R !  ?I t aRL 
The following i s  t h e  p a r t i a l  of t h e  MNBY state wi th  respect t o  t h e  
selenographic state. 
aRL T - -  - L  
aRG 
The following are t h e  p a r t i a l s  of t h e  Cartesian selenographic 
coordinates with respect t o  t h e  l a t i t u d e ,  longitude, and rad ius .  
-- - (-r cos A s i n  4 ,  -r s i n  x s i n  9 ,  r cos # )  aRG 
34 
(-r cos 4 s i n  A, r cos 9 cos A, 0) aRG ax - =  
- -  aRG - (cos 0 cos A ,  cos 0 s i n  A ,  s i n  0 )  
ar 
Landmark S t a r t  Routine 
b 
The astronaut may not be able t o  choose a su i t ab le  landmark a t  
the  expected landing s i t e .  I n  this event, t h e  as t ronaut  w i l l  take one 
s ight ing on the  landing s i t e  area, the  o f f s e t  obsermt ion ,  and tile 
remaining s ight ings on a su i t ab le  nearby landnark. The f i r s t  landmark 
s ight ing is  used t o  obtain an estimate of t h e  lanhndrk posi t ion,  and t h e  
remaining s ight ings a r e  processeg t o  determine %he laidmark pos i t ion ,  
The lunds i t e  o f f s e t  i s  then applied t o  the  1andn;ark vector .  
If t h e  landmark i s  not tagged by t h e  astronaut as a known landmark 
s tored i n  a f ixed memory, an i n i t i a l  landmark pos i t ion  vector (R,,) 
w i l l  be estimated from t h e  first s ight ing  by 
RL = RC - rC 
where 
RC = MNBY posi t ion of 
r = m a n  lunar  radius  
r = I R I  
0 
;he CM 
U 
CSM -"M 
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Offset Landsite Routine 
The landing s i t e  estimate is  ca lcu la ted  by t h e  following equations, 
where U i s  t h e  vector i n  t h e  l i n e  of s igh t  from t h e  landing s i t e  t o  t h e  
CM . 
where 
= MNBY pos i t ion  of t h e  landing s i te  
RL = MNBY pos i t ion  of t h e  landmark 
RLS 
UM = observation u n i t  vector i n  MNBY coordinates 
CSM 
SITE 
MANUAL CONTROLS a 
1. I n i t i a t e  Processing 
This entry i n i t i a l i z e s  t h e  necessary parameters f o r  solut ion of 
landing s i t e  (batch I D ,  i n i t i a l  LM vector I D ,  o r  an indicat ion f o r  
the  landmark start rout ine,  i n i t i a l  LM covariance I D  t o  be used, option 
t o  be able  t o  specify which REFSMMAT t o  be used, option t o  consider 
telemetered o f f s e t  observation t o  determine l ands i t e ) .  
2. LM Covar'.ance Matrix 
Defines the iniLia1 covariance as the  given diagonal. 
3 .  Data Batch Residuals 
Displays res idua ls  f o r  a specif ied batch using a previously deter-  
,mined o r  input LM pos i t ion  and a specif ied REFSWT.  
4. Time Pre-Edit 
Indicated observation types (angles , range , Doppler) may be tagged 
inval id  i n  specif ied batches. 
always checked when a data batch i s  copied i n t o  the working area.  
N 
data points ,  are specif ied.  Observations t h a t  were inval id  f o r  a 
par t icu lar  batch may be tagged va l id  by MED conlrol .  
Entry of t h i s  MED places  a f l a g  which is 
ana M2, normalized t i m e  in te rva ls  f o r  t h e  time of t h e  i t h  and j t h  3. 
5. Data Residual Summary 
Upon specifying a normal so lu t ion  vectes  I D  o r  a l ands i t e  ident- 
i f i ca t ion ,  t h i s  MED displays residuals  fa-r all. per t inent  op t i ca l  o r  
radar da ta  batches. The contrcjller m y  ;;.?cLfy which type (op t i ca l  
o r  radar )  w i l l  be displayed and ruiy 1 . ,pt. any l ands i t e  posi t ion.  
6. LM Posi t ion Vector Table 
l'he cont ro l le r  may enter any LM solut ion vector or a LM pos i t ion  
vector and tag  the  vector as the  bes t  ava i lab le  vec tor ,  AGS vector ,  
PNGS vector ,  or a ME;?) vector t o  be used f o r  fur ther  processing. 
aReference 3 should be consulted for d e t a i l s  on the above 
general descr ipt ion.  
7. Alpha Coeff ic ients  Table 
The cont ro l le r  may modify t h e  nominal weights on the  observations 
by specifying t h e  observation type (op t i c s  or r ada r )  and t h e  range, 
Coppler, and angle weight mul t ip l ie rs .  These mul t ip l ie rs  a r e  
i n i t i a l i z e d  t o  uni ty  and once changed, remain changed u n t i l  another MED 
is  entered. 
8. Elimii :lte Batches 
This MED c lea r s  any specif ied processed batch t o  allow the  next 
batch t o  be displayed i n  t h e  cleared 1oca:;ion. 
batches a r e  processed, the  loca t ion  of t h e  batch processea f irst  
w i l l  be c leared t o  allow display of t h e  next current batch. 
Nominally, a f t e r  f ive 
I 
b 1 
Flow chart 1. - Onboard observation preprocessor, 
I 
?age 1. of 2 
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STORE DATA 
AND UPDATE 
COUNT 
O F F S E T  
Flow chart 1.- Onboard observation preprocessor - Concluded. 
Page 2 of 2 
I PICKUP INlTlATiON MED INPUT BATCH ID, LM VECTOR ID, COVARIANCE ID, CSM VECTOR ID, REFSMMAT, O F F S E T  
COMPUTE 
HA, DEC AND I-- PREPARE WORKING . . . . Insure edited observations are tagged invalid in working batch. 
Flow chart 2.- Onboavd supervisor logic. 
Page 1 of 3 
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f 
-1 B =O STORED COVARIANCE 0 
Flow chart 2.- Onboard supervisor logic - Continued. 
_ _ .  ~ - Page 2 of 3 
-a ~ L . 
- S E T F L A G  D 
L 
R =R. 
0 1  
4 
S E T F L A G  m 
h 
UPDATE 
ITERATION 
COUNTER 
Flow chart 2.- Onboard supervisor logic - Concluded. C T - )  Page 3 of 3 
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ENTER 
MW= 0 
? a- 
f * =  0 
D,,,=’B~-’ZAR - 
i 
fn- l  = fn 
D = O  N 
CAR= o . 
1 - 1 
5 -  
INPUT AND 
STORE 
SPECIFIED 
DATA BATCH 
SET iMAX 
c 
FRAM€ 
COMPUTE 
F low chart 3. - Onboard data convergence processor. 
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DOUBLE WORD 
IN FRAME 
t 
INTERPOLATE 
FOR L 
AT tob + KT 
t 
INTERPOLATE 
FOR R 
AT toh f KT 
t 
COMPLJTE W 
FOR ANGLES 
t -I 
COMPUTE 
HOUR ANGLE 
2 ,  
# 
Y r  aRG 
4 F] SINGLE 
COMPUTE 
DECLINATION 1 "%Gi 1 
r =  6 
SING LE 
RANGE 
COMPUTE W 
FOR RANGE 
DOUBLE 
WORD 
COMPUTE 
INTERPOLATE 
AT te AND tb 
COMPUTE 
c 
COMPUTE W 
FORDOPPLER 
I 
r = 4  
DOUBLE 
Flow chart 3.-  Onboard data convergence processor - Contiiiued. 
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K t K f l  
A y= Irl -y . 
I 
NO 
t 
fN=Ay T WAy+fN 
T 
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N BR bR N 
Flow chart 3. - Onboard data convergence processor - Continued. 
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r 4 
K = O  
INCREMENT 
FRAME 
INDEX 6 
I 
IN D ICATO R 
I 
RETURN 
Flow chart 3 . -  Onboard data convergence processor - Continued. 
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. 
n ARN=rNDN SET FLAG FOR ERROR 
Flow chart 3 .  - Onboard data convergence processor - Concluded. 
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